Selenocysteine, the selenium analog of cysteine, was identified in proteins of Vigna radiata (L.) Wilczak grown with selenate. To stabilize selenocysteine and prevent its breakdown, the carboxymethyl derivative was synthesized by the addition of iodoacetic acid to the protein extract from 175Selselenate-grown plants. A 75Se-labeled component of the carboxymethylated protein hydrolysate possessed chromatographic properties identical to those of a 14C-labeled carboxymethylselenocysteine standard during paper and thin layer chromatography and during gel-exclusion, anion-exchange, and cation-exchange column chromatography. Detection of selenocysteine in proteins of a selenium-sensitive plant, and the possibility that the presence of this compound alters normal functions, provides an explanation for the toxic effects of selenium.
The widespread toxic effects of selenium compounds have been attributed to the incorporation of selenocysteine and selenomethionine into polypeptides, with resultant structural alterations believed to affect protein function. Substitution of selenomethionine for methionine does not always prove detrimental; over one half of the 150 methionine residues present in the enzyme 8B-galactosidase could be replaced by the selenium analog without deleterious effect on enzyme activity (5) .
Cysteine, however, unlike methionine, plays a critical structural role in proteins by virtue of disulfide bridge formation between residues in adjacent stretches of the same or different polypeptide chains. Replacement of cysteine by selenocysteine could disrupt protein function through substitution of selenium for the sulfur in these disulfide bridges. Therefore, it becomes essential to determine whether selenocysteine is actually able to enter the polypeptide chain. Although synthesis of selenocysteine by pea chloroplasts has been demonstrated (9, 10) , the instability of this compound has hindered efforts to detect it in polypeptides (for review see ref. 13 ). Several attempts to identify selenocysteine in protein hydrolysates have been unsuccessful (2, 11, 12) acid (Amersham/Searle; specific radioactivity, 54 mCi/mmol) which had been dissolved in I ml of I N NaOH, then incubated at room temperature for 15 min under N2. The carboxymethylation reaction was stopped by absorbing l-ml aliquots of the mixture onto a 1.5-x 10-cm DEAE-cellulose (Whatman) anionexchange column equilibrated with 25 mm Na-acetate (pH 5.4). After 40 ml of this equilibration buffer had been passed through the column, the sample was eluted with a 200-ml linear acetic acid gradient from 0 to I M. Ten ,ul of each fraction were placed in 5 ml Bray's cocktail (1), and 14C was assayed in a Packard Tri-Carb liquid scintillation spectrometer. The UV spectrum of each radioactive peak was scanned with a Beckman model 25 Column Chromatography. A sample that contained 5,000 cpm of both 75Se and 14C was applied to each of four separate chromatography columns.
The gel-exclusion chromatography system used was a 1.5-x 82-cm Sephadex G-10 column (Sigma; particle size, 40-120 Im) equilibrated with 25 mm Na-acetate (pH 5.4). The sample was eluted with equilibration buffer. Cation-exchange was performed with a 0.9-x 10-cm column of AG50W-X8 (Bio-Rad), 200 to 400 mesh, hydrogen form. This column was equilibrated with a citrate-phosphate buffer (pH 2). After application of the sample, 30 ml of citrate-phosphate buffer (pH 2) were passed through the column, which was then eluted with a 100-ml linear gradient (pH 2 to pH 4) of citrate-phosphate buffer.
Two anion-exchange chromatography columns were used. The first was a 1.5 x 10-cm column of DEAE-cellulose (Whatman) equilibrated with 25 mm Na-acetate (pH 5.4). After application of the sample, the column was washed with 40 ml of this buffer and then with a 200-ml linear gradient (0-0.4 M) of acetic acid.
The second anion-exchange system was a 0.9-x 15-cm column of AGI-X8 (Bio-Rad), 200 to 400 mesh, formate form. The column was equilibrated with distilled H20, the sample applied, and 40 ml distilled H20 were passed through. The sample was then eluted with a 100-ml linear formic acid gradient (0-0.1 M).
Assay of Chromatograms. Paper chromatograms and TLC sheets were cut into 1-cm wide strips which were placed in vials and assayed for 75Se in a Packard Auto-Gamma scintillation spectrometer. Five ml Bray's cocktail (1) were then added to each vial and 14C counted with a Packard Tri-Carb liquid scintillation spectrometer. Fractions from columns were first counted for 75Se, and then 0.5 ml of each fraction was added to 5 ml of scintillant for assay of 14C. Bray's cocktail was used with fractions from Sephadex G-10, DEAE-cellulose, and AG1-X8 columns; fractions from the AG50W-X8 column were added to Ready-Solv MP (Beckman). In each assay, the 14C counts were corrected for the contribution made by the Ii component of the 75Se.
RESULTS
Preparation of ('4CICMSecys Standard. To determine the presence of CMSecys in the protein hydrolysate, it was first necessary to prepare an authentic "C-labeled CMSecys standard. This standard was separated from other radioactive components of the reactive mixture by DEAE-cellulose column chromatography (Fig. 1) . The UV spectrum of fraction 23, characterized by strong A at 220 nm, was identical to that of unreacted iodoacetic acid. In contrast, the spectrum of the peak at fraction 2, except for a weak shoulder at about 250 nm, was devoid of any UV absorbance; this spectrum is in agreement with one that has been described for CMSecys (4) . Fraction Separation by DEAE-cellulose column chromatography of the products from reaction between selenocysteine and iodol2-'4Clacetic acid. A linear acetic acid gradient (----), 0 to I M, was passed through the column; 5-ml fractions were collected and assayed for '4C (-*). The peak at fraction 2 is ['4CJCMSecys. (8) . The second difference, a pK value lower for the selenol group than for the sulfhydryl radical, specifies that selenocysteine is ionized at lower pH values than is cysteine (6) . These disparities between selenocysteine and cysteine may be responsible for selenium toxicity because of -) . A Sephadex G-10 column was eluted with 25 mm sodium acetate (pH 5.4); 5-ml fractions were collected. A coincidence of 14C-and 75'Se-labeled peaks is seen at an exclusion volume (Ve) of 65 ml. With the other three columns, coincidence between the two peaks was observed at the following points of the elution gradient: AG l-X8, 0.8 M formic acid; DEAE-cellulose, 50 mm acetic acid; AG5OW-X8, pH 2.5 citrate-phosphate buffer.
sional TLC also showed coincidence of 14C-and 75Se-labeled spots (Fig. 3) .
Column Chromatography. The ['4C]CMSecys standard and the 7'Se-labeled protein hydrolysate were applied together to each of four column chromatography systems. With each column, a 75Se-labeled component of the hydrolysate eluted in the same fraction as the ['4C]CMSecys standard. The radioactivity profile of fractions from one of these columns, the Sephadex G-10 gel-exclusion system, is shown in Figure 4 .
